Abstract
Introduction 21
The cooling trend in the tropical lower stratosphere is one of the most dramatic climate than SST and the latter is ultimately limited by the thermal inertia of the ocean, this suggests that, as 59 also noted in Emanuel (2011) , the tropopause temperature may have played a more important role 60 than SST in the TC intensity.
61
While much about TC-environment interaction has been learned using axisymmetric models suggesting that explicitly resolved three-dimensional TC structure and convective eddies may be 67 important for studying TC-environment interaction. In this work, we use a 3D, full-physics 68 mesoscale model to: (1) examine the effect of the tropopause temperature on hurricane intensity, and (2) further compare the predictions of potential intensity theory to the results of 3D modeling 70 experiments.
71
The rest of this paper is organized as follows. Section 2 contains a description of the 72 numerical experiments, followed by the results of transient TC solutions in Section 3 and 73 equilibrium TC solutions in Section 4. Section 5 summarizes the results.
74

Experiment design 75
We perform numerical experiments of idealized tropical cyclones developed from a finite 76 amplitude vortex. The initial vortex is the same as that specified in Rotunno and Emanuel (1987) .
77
This is an idealized moist warm core vortex in gradient and hydrostatic balance, with the maximum 78 wind speed at the surface. The warm core structure differs from the observed cold cores typically Nevertheless, this warm core vortex initialization suffices for our purpose, since the present study 83 focuses on the intensity of the mature TC.
84
The environment into which the TC vortex is introduced by the soundings from an RCE 85 simulation in a small domain, similar to the procedure in Nolan et al. (2007) . A distinct advantage 86 of using a RCE sounding is that the environment is already close to equilibrated before the TC is 87 introduced. While the presence of the TC itself can change the mean state, the effect of any initial 88 shock from disequilibrium in the environment itself (apart from the TC's own influence) on the TC 89 solution is small. This is desirable in a study of the influence of the environment on TC intensity. 
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With this simple treatment of radiation, the troposphere is cooled at a constant rate of 1. given environment, and long term (~ 200 days) ones to obtain equilibrium TC solutions. other subsequent numerical studies have suggested that the dissipation of kinetic energy at the air-
152
sea interface through molecular diffusion may boost the TC intensity, a recent observational study
153
by Zhang (2010) suggested that the effect of dissipative heating may be smaller by a factor of 3 than 154 the formulation in Bister and Emanuel (1998). We do not pursue this issue further in this study.
155
Because of their highly axisymmetric structure, TCs are most conveniently studied in interpolate 3D fields from Cartesian to cylindrical coordinates. This method yields higher 162 maximum axisymmetric wind speeds by as much as 30% compared to alternative methods using either minimum sea level pressure or maximum vorticity as the origin, which may reduce maximum 164 azimuthal wind speed due to aliasing of low wavenumber features. 
Results 166
PI from radiative-convection equilibrium 167
The potential intensity (PI) expressed as the maximum wind speed V, can be written as: 
where CAPE is the convective available potential energy of a near surface air parcel in the 178 environmental sounding, while CAPE* is the same quantity except for an saturated air parcel lifted 
TC in a RCE environment 220
Structure of simulated TCs 221
In this section, we focus on the temporal and spatial structure of the TCs simulated in the 222 RCE environment using the WRF model. . This discrepancy may be explained by the fact (1) the effect of moisture is not considered in the theoretical dry vortex, and (2) 260 that the observed TCs are rarely as strong as those simulated in our numerical study. 
Simulated TC intensity and potential intensity 262
The PI theory (Emanuel, 1987) We have tested different domain sizes; our results suggest that the small domain size (1200 To assess the flow imbalance, we compute V g as a surrogate for azimuthal gradient wind:
293
where r is the radius, p is the pressure, is the density, and, f is the Coriolis parameter. Table 2 ), if we use the environmental value of C k /C d ~0.9.
300
One can further assess the momentum balance in the radial direction. In a quasi-steady state, (4) is evaluated using the model output at 1.3 km. Figure 5b shows that the right hand side of Equation (4) 
Sensitivity to resolution 333
In this subsection, we examine the sensitivity of our TC solutions, including TC intensity 
TCs in statistical equilibrium 345
In this section, we examine TC intensity in equilibrium states. We perform five convective- 
Conclusions 388
We have investigated the impact of the tropopause temperature on the intensity of idealized TCs 389 using a 3D mesoscale model in a radiative-convective environment. While the model has "full 390 physics" in all other respects, the radiative cooling is specified to a constant 1.2 K/day in the 391 troposphere, as well as a relaxation to constant tropopause temperature in an isothermal stratosphere.
392
That imposed tropopause and stratospheric temperature is used as our control parameter, and varied 393 over a range of 40K.
394
The potential intensity, calculated using the thermodynamic profiles that are simulated in yields more intense TCs, but also leads to larger temporal variability in the TC intensity.
416
In summary, this study shows that both the potential intensity theory and the 3D WRF Single domain (3,000 km). Table 2 . Dependence of PI on the outflow temperature with different of choices of thermodynamics, domain size: 1200, 1800, 3000, and 6000 km. Note that in the 1200-km integration, no nesting is 646 used.
